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ABSTRACT

This study was conducted to determine the amount and size of simu-
lated dry fallout particles retained by various Quartermaster Corps
clothing and packaging materials, after field decontamination procedures
are applied. An attempt also was made to correlate qualitatively the
amount retained with surface properties of the materials.

Dry spherical, glass bcads in selected size-distribution groups
(14-270 P, 14-100 p, and 14-75 P) were used to simulate fallout partic-
les from a nuclear detonation. The amount remaining was measured gravi-
metrically and visually by optical microscope after application of three
mechanical removal operations.

It was found that materials having entrapping fibers retained the
largest amount of beads. The amount was directly proportional to the
number of open spaces and the number of loose fibers that acted as en-
trappers. Scrim-back packaging material retained 0.3 g/ft 2 of particles
which had an average diameter of' 50 p. Cotton sateen clothing and cot-
ton poplin clothing had lesser amounts. All other materials tested re-
tained zero or insignificant amounts.

Mechanical entrapment of particles by the loose fibers appeared to
be the principal mechanism of retention.



SUMMARY

Problem

This study was conducted to measure the amount of glass beads,
simulating dry fallout, that is retained by certain Quartermaster Corps
clothing and packaging materials, and to qualitatively determine how
the simulated beads were retained.

Findings

Mechanical entrapment of the macroscopic- and microscopic-sized
spherical beads was the principal mechanism of retention. Materials
having high amounts of entrapping fibers retain detectable amounts of
these beads even after the application of three mechanical removal
operations. All cloth and Scrim-back packaging material are in this
category.
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INTRODUCTION

Radioactive fallout particles large enough to be seen adhering to
materials are deposited at the earth's surface after the violent distur-
bance of a nuclear detonation subsides. Material and personnel located
within the fallout area present potential collecting surfaces to the
descending particles.

Such potential radiological contamination takes on tactical mili-
tary significance when the collecting surfaces of radioactive fallout
particles are clothing worn by soldiers or material handled by them.
Defense against the resulltaat hazards would consist in decontamination
of the clothing and in minimizing the contaminability of the clothing
and packaging materials. The contaminability-decontaminability charac-
teristics of common materials remained to be determined.

An investigation]. was conducted on foot soldiers crawling through
an area contaminated with dry synthetic fallout material. Results of
this test indicated that the soil loading on the soldier's clothing was
10 times that on their skin. Simultaneously, the QMC preliminarily evalu-
ated the field laundering facilities for clothing contaminated with the
same dry synthetic fallout material.

These two tests, however, did not involve the study of the mechan-
ism of soil particle retention. This knowledge in relation to particle
size range, is necessary for definitive evaluation of clothing decon-
tamination methods. It was also desired to know whether microscopic-
sized dry particles would be difficult to remove from packaging materials.

This investigation was conducted on a laboratory scale, to deter-
mine whether various QMC clothing and packaging materials would retain
measurable quantities of 14-to-270-ýi-sizcd particles and to qualitat-
ively determine the method of retention.



CHARACTERISTICS OF FALLOUT FROM NUCLEAR DETONATIONS

Radioactive fallout particles are formed by the interaction of
condensing vaporized materials: metals and fission products derived
from the bomb and the associated bomb structure, some surface materials,
with other surface materials that are swept up into the cooling fireball.

The physical properties of fallout particles depend upon many vari-
ables, such as height and size of detonation, bomb constituents, asso-
ciated bomb structures, and nature of environmental materials. A study2

of some of the physical and chemical properties of fallout collected at
the Nevada Test Site and the Eniwetok Proving Grounds demonstrated the
wide variation in the properties according to the detonation conditions.
Collecting stations at various locations also produced evidences of the
differences in the physical and chemical properties of the fallout par-
ticles.

Reference 2 described particles collected from a tower shot at
Eniwetok Proving Ground. The most common type was black, spheroidal,
weakly magnetic, and usually cracked and veined with calcium salts.
These particles varied in size from about 1/4 to I mm in diameter. A
second type was black, usually shiny with a metallic luster, spherical,
and magnetic, and were found to be up to about 1/2 mm in diameter. A
third type was small black spheres ranging from about 10 p. in diameter
to submicroscopic.

The fallout particles collected following tower shots at Nevada
were similar to the first type described above, black spheres ranging
from 1 or 2 mm to about 1/4 mm in diameter. They had a metallic or
glossy luster and many were magnetic. The densities of the several
that were measured varied from 1.38 to 2.56 g/cc.

The fallout particles from the Eniwetok and Bikini surface shots
were of two shapes, angular and spherical, both derived from coral sand
grains. These particles were white to pale yellow or gray, and varied
from 1 or 2 mm to several microns in diameter. The densities varied
from 2.0 to 2.8 g/cc.

Fallout particles collected following a low-yield surface shot in
Nevada consisted of glass derived from the melting and subsequent fus-
ion of the silicate minerals in the soil. There were two types: trans-
parent spheres of a yellow-green color; and irregular, opaque,brown grainL

which did not appear different from the unaltered mineral grains of the
original soil. Both types were found to be up to 2 or 3 mm in diameter.
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Simulation of fallout particles from all types of nuclear detona-
tion was unnecessary for the scope of this test. If a foot soldier
encounters fallout of visible size range, it probably would have come
from a surface or low air burst over land areas. According to the re-
sults obtained from surface, tower, and low air detonations over Nevada
Test Site, the particulate matter would be dry, of various shapes, and
have a density closc to that of glass. Therefore, dry, glass spheres,
of 2.5 g/cm3 density and in three size ranges, were used for the tests.

INTERACTION OF PARTICLES WITH MATERIALS

Contamination

Physical contamination by microscopic radioactive fallout particles
of materials used by the Quartermaster Corps for clothing and packaging
is similar in mechanism to the soilage of fabrics by dust particles.
Getchell, in a study3 on fabrics soiled by dust particles, determined
impingement and retention as separate phases in the soilage.

Furthermore, he considered retention as a function of the material
and impingement as a function of the field condition. The mechanisms
of impingement are: (1) diffusion of very small particles in air; (2)
deposition of medium- and large-sized particles from air; (3) direct
transfer of particles from another soiled surface; (4) interception or
contact by inertial effects of particles in a moving air stream; and
(5) electrostatic attraction either from air or from another surface.

Two mechanisms which are most predominantly involved in the depo-
sition of fallout particles on personnel or packaging materials in the
field, were simulated in the present study. The two mechanisms are
deposition and a variation of the direct transfer method of impingement.
The deposition of medium and large particles from air would follow
Stokc's Law for free-falling particles, and any unprotected surface can
become contaminated by these falling particles. The direct transfer
method is the transfer of particles from a soiled or contaminated sur-
face or material to a clean surface or material by contact between the
two surfaces.

The mechanisms of retention are: (1) mechanical occlusion; (2) oil
bonding; and (3) electrostatic forces.

De contaminatioin

Decontamination of microscopic radioactive fallout particles from
any surface is the physical removal of particles by overcoming the
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forces of retention. The methods employed in decontaminating are (1)
mechanical, (2) chemicaland (3) combination of mechanical and chemical
means.

In the field, personnel exposed to visible fallout would employ
three removal operations. They would, if no previous instructions were
given, rise and seek shelter. Once under shelter, they would attempt
to remove visible particles by brushing, and if possible, by applying
a stream of air or other more vigorous method of particle removal. Up
to this point, the personnel has performed three removal operations.
By rising, he has removed particles which are acted upon by gravity.
By brushing, a mechanical method has been employed to remove more par-
ticles. By applying air or other more vigorous mechanical meLhods, all
particles that are likely to be removed have been displaced from the
clothing. Field radiacs would be necessary to determine the need for
further decontamination which could be accomplished through chemical
decontamination.

These field methods were simulated in the laboratory test by seq-
uentially (1) placing the contaminated sample in a vertical position;
(2) bruslhng; and (3) applying an air stream over thc sample. Size and
amount of particles remaining after the laboratory test sequence were
assumed to be indicative of the size and amount of particles remaining
under field conditions.

The sequence was also utilized on the packaging materials, though
packages would generally be left undisturbed until cessation of fallout,
to standardize the test conditions.



EXPERThENTAL PROCEDURES

MATERIALS TESTED

Nine cJoth , -ng 31.0 1,5 pickug4.ng materiaai, supplied by the Quarter-
master Corps*x were studled.

Test Code Werial, as described by suppliers

Clothi~a

C-1 Cloth., cot-tcn.. 5teeri. 9,(0 Cz.. CC-107, untreated

C-2 Clot , h, cc,,.ort,C F~atoee. 9 0 oz, OG-10'7,. fire -xesistant

C-3 Cloth ,. cot~to~n, sateen., 9.0 oz OG-107, water-repeilant
t reated

c-4 Cloth, cotton, sit~een, 9.0 oz.- CG-107. treated with
nxper.iment~i.1 fin Th1 Q

C-5 loth, cc't,to-. )ny 9.(: cz.. 00-10,7, treated -w-ith
,ýXperlment'A.L £i."ulah QP

c-6 Clotb.. cottoxi, *,ati-e:-. 9,.0 oz., OG-107. treated -with
experiUmental fic-10i BT

C-7 Cloth.,o rlA~X pc'plim, 7X0 CýZ. G-l07~, untreptted

c-8 Cloth, cctto'A, -PoPMIt 5,0 oz. Khaki. #1 urtreated

0-9 Cloth,, cottnr, poplin,, .5.0 oz. Khaki #1~j, fire-resist-
ant ~treated

Y-Further :informatior. on th)e wa~Leri~ais, tested. may be obtainna' fr~om- tbe
-quartermaster Research and, Engirkeerline, Center, [Natick, as. on 'the
clothing samples; f~rcm t~he QaeraserFc~cd and Conitainer Tnstii~ute
for the Armed Force-s, Chicago, 11.on the, paoc>girý, materý,11s-



Test Code Material, as described by suppliers

Packaging

B-1 Laminated board
face side - 1.5 Mil clear polyethylene coating on 60

lb creped kraft paper ("X-crepe")
back side - 1/iC inch hardboard ('Weytex")

B-2 Laminated board
face side - 1.5 mil black polyethylene coating on 90

lb kraft paper ("Polykraft")
back side - 1/10 incI; hardboard ("Superwood")

B-3 Laminated board
face side - 1 mil clear polyethylene coating on dup-

lexed creped kraft paper reinforced with
fiberglass scrim ("Thilcotuf")

back side - 1/8 inch hardboard ("'Armorboard")

B-4 LaminaLed board
face side - 173 lb kraft with imbedded sisal reinforc-

ing strands ( 11Cordex")
back side - 1/8 inqch hardboard ("Armorboard")

B-5 Laminated board
face side - 170 lb kralft with imbedded sisal reinforc-

!ng -. trands (Q'Cordex")
back side -. l/8 inch hardboard ("Superwood")

B-6 Laminated board
face side IT ,O 1- kraft face duplexed to ll4 lb W3C

linei wiJIh 15 lb polyethylene
back side - 1/8 inch hardboard ("Armorboard")

B-7 Laminated board
face side - 190 I.b kraft with imbedded sisal. reinforc-

ing strands
back side - 3/16 :.nct, hardboard ("Superwood")

B-8 Laminated uoa. u
face side - 0.012 inch 3003 H24 Aluminum
back side - 1/8 inch paper overlaid veneer

B-9 Laminated boarO

face side - 0.01-c. inch 3003 1124 Aluminum
back side - 3/16 inch paper overlaid veneer
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Test Code Material, as described by suppliers

Packaging (contd)

B-10 Laminated board
face side - 0.012 inch 3003 H24 Aluminum
back side - 3/16 inch group 3 plywood, container

grade

A-6 Corrugated cardboard, V3C

A-7 Solid cardboard, V2S

A-8 Solid cardboard, V3S

F-6 Flexible packaging material, Scr:" n-back (Fr2120)

F-7 Flexible packaging material, 3 lb polyester coat-
ing-0.001 foil-0.001 mylar

Cotton sateens were exposed on the side which showed the twill or
diagonal lines under a i-4croscope. Poplin cloth did not have a face-
to-back difference so one side was arbitrarily selected and used consis-
tently throughout the test, a small ink mark identifying the back side.

The face side of laminated boards were exposed. The cardboard
material had printed matter on one side, so this side was selected.
For the flexible materials, the 0.001 mylar and the rough surfaces of
the Scrim-back were exposed to the glass beads.

To allow correlating particle retention with surface properties,
the faces of the materials were microscopically examined. Two general
categories were observed, smooth and fibrous. All packaging materials
except Scrim-back were smooth, while all cloth samples and Scrim-back
were fibrous.

The sample materials were cut into nominal 2 x 2-in. squares. This
size was selected because of convenience in handling, and it was the
maximum size the analytical balance could accommodate. All samples were
handled carefully to minimize contamination by oil films. All materials
were new and void of folds, creases, seams, or any visible debris. No
special cleaning or other treatments were given prior to exposure.
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SIMUTLATION OF FALLOUT PARTICLES

Dry, non-radioactive, [glass beads* were used to simulate the fall-
out from a land surface or a low air burst over dry land. Although the
size range of fallout particles are known to cover a much greater range,
the size range for these tests was limited to 14 to 2"10 p. Preliminary
tests had indicated that beads larger than 270 p werc easily removable
from clothing samples by field methods such as were being studied.

Sizing of partieces

Three groups :f orvi (density 2.5 p/cm3 ), each of different size
distriout on. we rs selected from the original supply';' by sieving with
5 standard screens, One size group (designated 70M) was sieved to cover
the range from 14 to 2•0 p in diameter The distribution was skewed with
a model valtk: of 20lj ip This grDop waw used to determine the particle
size predom.Lna.*acly reta:red sy the varLoes, materials

The other two size groups (designated 170M and 325M) had average
bead diameters of 75 and 50 pI, respectively. The size distributions
were approximatel•y normal, and were obtained by sieving on a commercial
sieving machine-. These groups were those retained on the 170- and
325-mesh standard screens.

The size distributions for the three groups are shown in Fig. I.
These distributions were determined by measuring bead diameters on en-
larged photomicrographs taken of random samples for each size group.
The ca]ibration scale was devised by photomicrographing and enlarging,
under similar conditions, a standard stage micrometer.

APPLICATION OF PARTICIIES

To simulate the deposition mechanism of impingement, a particle
disLrlbutorh was used to deposit the beads onto the material samples.
It consisted of a slowly rotating (I rpm), 8-in. diameter circular
table, an air nozzle, funnel, and a square vertical column which had
fourteen No. 8 size screens. Thc scrcrns were located . in. apart and
were used to deflect and distribute the beads uniformlyr over a 2 x 2-in.
area. Weighed amounts of glass beads were dropped onto the outer edge
of the rotating table through a funnel. As the table turned, the beads
were blown off the table and into the square column. They dropped onto

* Flex-O-Lite 531 fRefIective Glass Beads, FRex-O-LI.e Corp., St. louis,
Missouri.

** W. S. Tyler Cc., Cleveland, Ohio.



?Q1M SIZE GROUP (1966 PARTICLES)
________________ ~170M SIZE GROUP (2029 PARTICLES)
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PARTICLE DIAMETER (,.)

Fig. I Size Distribution of' Three Particle-Size Groups.



the seauple- ,vhfrh was located. in a horizontal position A./ in, below the
column opening. The, scipicwee .Cuntni n arece-Ssed c-onm-ainr to
prevent lateral movement du~ring the te3t~s and. to keep the sample flat.

TCo s-uaete.mca;~t~pnenn y d~trect tralisfer, by
means of a rubber role ad a pressur applicao 9 pesr a ple
to beads already dep.osited on- the materilal saamples by the method. des-,
cribed al'cvie. The ck frtjjsamp'lyha wer'e -placed o~rtto- R., sample holder
which was lees ted on th (:nt eo * po4 aion, cf a~''se the scale being
rigidly mounted ona Pm e )(r ' ~. )Cn could be controlled
by read~ing the scaslrs aft t a'i " Ita vs .z~ I --ev- ed t 'ward~s the rubber roller,
which was., fixed overý the w'"ynw Who-. a~ reAdInLg of 50' lb was
obtained., the- :asartlc ,rm 'vuý cve -'yud th~e r.olle,

ina an effo-rt ¾.ý~~~''ot'm Ie~x.t.an fforc-es of the attrac-
tion of beadsý tow~d'r!Ji lh: dýJF it~- - e~re coxci'uteted while
the room teniereurev Uweri 1', %ý'i t' Fn t t.e elative 'humidity

was between 60adCO7 ttL17 -c~cr.Atc nd relat.Lve, h1umidityI could. not e maintained ut b-y cndst rall1 tests within these limits
it was as-.ume-d tlts,.)mp 1'-~t~-' xe"n he efetof the
charge buJit'-)n Vt [op, Com cl 1 "'r' .-nt:A ontact d~ur-
ting all mec~Tc¾hndI- ti to. n--A" ao-ý wvr the~cre ay attempt
to minimkize Fheý ouxrl Ut 1 '&*b' ~ i. e samte mannler
in an attemp dvdK........r i, -pH~t

DE CONTA?437 IVA"T'li

TthyC:S ap-pl't-I1T'1 'e c''c,) r -J'e conteaminated

strokes. of a.-m -''bn>a<( ayrgA~ air jet uritti
all inav-r):7orra 'fuU'y '--'or ntk. '~ea:Oils

were ;orid~tetedý i.!" '-~I 5  1  n ~ l; ph:&a-

material "n--ed r,, )j_, 11 'ct-

Weight rea'z hsiI -mI'Wr.~i1'~ diu'dty The re-

matnlng, tinf"_'>~ipaNv.--ae'- z.O-sae'ohod retained
after each rr')a jOW' F so n { a I r]y ccr ete reten

tion of ret . ' I i-r''r-

Measuirement 'f Wt~iuv'lu . oUnnt*

The insit.'ek l by as ry &rneeVP'i'etA after each~ removal

operation waý rietenni'a""r.ld by I4-yh: CT~j(- OdS, .e L M Ce.relat~ively largeI



number of beads were visible on the sample, the amount deposited or re-
tained was determined by differences in gross sample weight with an
analytical balance, good to + 0.0010 gram.

When little or no beads were macroscopically visible, and after the
third removal operation, the amount retained was determined by examina-
tion of a preselected area of the sample by optical microscope. The
preselected area was a circle (approximately 3.64 cm2 ), situated in the
center of the sample to eliminate edge effects. The area examined under
the microscope was assumed to represent the entire sample. Based upon
the quantity and size of beads retained within this area, a qualitative
determination was made on the mechanism of retention.

The sizing was accomplished with an ocular micrometer containing a
linear scale in the binocular microscope. A stage micrometer indicating
0.1 and 0.01 mm was selected as a standard to determine the linear scale
division representations. For the ocular lens of 5x each scale division
thus represented 30 9, while for the llx ocular lens each scale division
represented 1i pt. Beads were generally sized to the nearest half scale
division in terms of maximum diameter. All beads smaller than one half
scale division were ignored. For the magnification utilizcd, glass
beads less than one haLf scale division was not clearly distinguishable
from a dust particle of the same size..

In obtaining the size distribution of the beads retained on any
sample after each removal operation, at least 200 beads were sized in
situ. For any one particular sample coniaining over 200 beads withi
the examined area of 3o 64 cm .1 only the first 200 detected were stzed
and counted. The balance was counted without sizing.

Results obtained from measurements on the analytical balance and
by microscope examinations were converted to a common unit (grams per
square foot) for comparison. This unit would make feasible subsequent
comparisons with the theoretical relationships of mass levels and ioni-
zation rates. Miller 5 used the relationship that approximately 30 g of
radioactive weapon debris fallout per square foot produces an ionization
rate of 1000 r/hr, at 3 ft above the ground. and corrected to 1 hr after
burst.



RESULTS AND DISCUSSION

Table 1 gives the results of the resetdual contamination before and
after each decontamination oplratlon f,:r the ,7O1 size grup. It can be
seen that greater than 98 .t of the -i, tial mass of beads applied by de-
position were removed by the tirst :removal process. This applied for
all 9 clothing samples. The subsequern two operations increased the
total removed to greater th'7 99 % for all the clothing 3emplesý

Table 2 shows simils.r results for the 170M and 325M size groups.
In Table 2, the weights remwcved qfte:r vertical pcsitioning plus brush-
ing are omitted since 'the percent of initial vas less than 0.5 % in all
cascs. For the!oe twc groups, the xn-.s remanining ir generally 'higher
than that for the 70M group,

The results for .ll the packagLng materials except Scrim-back are
shown in Table 3. The resiilts fcr Scri.-back are listed separately in
Table 4. In Table 3ý the mass remi.i-ntng rifter vertical positioning for
some of the packaging mate~r~lgd ,re Es•nJ.1Lai tz clothi-ng ýamples. but
the subsequent removal cperati~o:, ceuces the amou-rt remaining to essen-
tially zero.

The results showr. in Table 4 iln-11.cate that the mass of beads re-,
tamned by Scrim-back is slIghtly greater t,h9;a that by the clothing
samples shown in. Table 1.

Some of the packagi•rg motexi.a.ls reta-ýŽe. h'igher percentages after
vertical positioning when compar-d to the aver.ge retained by cotton
sateen cloth, but after the three sctcessf-ve removal operations these
packaging materials reta..inel zero _imoan.tso Since the packaging materi-
als which yielded these retentfon per'cecntages did, not possess Any macro-
scopiclly visible retainlrng fibr•.• :•.r must be assumed that an electro-
static force of retention wl ati:t.A*)g le-ween the. beads and the samples.
The subsequent two removal 0peiation- ovel-crame thia. force to remove
practically all of the beads.
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TABLE 2

Average of 170M and 325M Beads Retained on Cloths After First and Third
Removals in Decontamination Sequence. Contamination by Deposition.

Initia2
Cloth Contami- Weight After Removal

nation Vertical Positioning Vertical Positioning,
(g/ft 2 ) Brushing, and Air Jet*

(g/ft 2 ) (% of Initial) (g/ft 2 ) (% of Initial)

170M

C-1 103.6 1.66 1.60 0.0082 0.0079
C-2 121.0 0.73 o.60 0.0020 0.0017
C-3 126.2 4.67 3.70 0.0113 0.0090
C-4 126.3 1.6& 1.30 0.0041 0.0032
C-5 122.2 1.83 1.50 0.0078 o.oo64
c-6 125.8 lO.6 8.43 o.0065 0.0052
C-7 122.1 1.10 0.90 0.0028 0.0023
C-8 124.4 0.75 0.60 0.0011 0.0009
C-9 128.1 2.30 1.80 0.0007 0.0005

325M

C-1 60.7 1.15 1.89 o.o164 0.0270
C-2 70.3 1.05 1.49 0.0174 0.0248
C-3 74.6 2.46 3.30 0.0423 0.0567
C-4 74.8 1.35 1.80 0.0254 0.0340
C-5 63.1 1.20 1.9o 0.0248 0.0393
c-6 70.5 4.65 6.60 0.0810 o.149
C-7 74.0 0.59 0.80 0.0100 0.0135
c-8 67.9 0.41 o.60 0.0048 0.0071
c-9 66.o 1.85 2.80 0.0237 0.0359

*Number of beads per cm2 converted to equivalent g/ft 2 ; 50 v diameter
and 2.5 g/cm3 density assumed.
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TABLE 3

Average of 70M, 170M, and 325M Beads Retained on Packaging Materials,
Except Scrim-back, After First and Third Removals in Decontamination

Sequence. Contamination by Deposition.

Material Initial Weight After Removal
Contami- Vertical Positiohiing Vertical Positioning,
nation Brushing, and Air Jet*
(g/ft 2) (g/ft 2) (% of Initial) (g/ft 2) (% of Initial)

70M

B-1 51.34 0.87 1.69 0.0004 0.0008
B-2 49.90 0.85 1.70 0.0002 0.0004
B-3 57.83 0.75 1.30 0.0002 0.0003
B-4 67.06 0.27 0.40 0.0004 0.0006
B-5 63.6o 0.19 0.30 0.0002 0.0003
B-6 66.34 0.04 0.06 0.0002 0.0003
B-7 66.63 0.20 0.30 0.0001 0.0002
B-8 55.52 0.22 0.h0 O.0000 0.0000
B-9 53.94 0.22 0.41 0.0000 0.0000
B-10 53.07 0.05 0.09 0o0000 0.0000
A-6 7.93 0.16 2.02 0.0000 0.0000
A-7 15.72 0.66 4,20 0.0000 0.0000
A-8 9.66 0.09 0.93 0.0000 0.0000
F-7 42.11 2.15 5 11 0,0000 0.0000

T1_M

B-1 86.41 2.16 2.50 0.0000 0.0000
B-2 93.87 3.19 3.4o 0.0003 0.0003
B-3 92.10 1.20 1.30 0.0003 0.0003
B-4 107.98 1.09 1.00 o.ooo6 0.oo06
B-5 lO0.65 0.20 0.20 0.0003 0.0003
B-6 78.54 0.03 0.04 0.0001 0.0001
B-7 83.97 0.17 0.20 0.0001 0.0001
B-8 72.57 0.22 0.30 0.0000 0.0000
B-9 60.63 o.61 1.01 0.0000 0.0000
B-IO 72.71 0.01 0.01 0.0000 0.0000
A-6 79.49 0.16 0.20 0.0000 0.0000
A-7 71.89 7.05 9.81 0.0000 0.0000
A-8 69.45 0.14 0.20 0.0000 0.0000
F-7 83.15 3.49 4.20 0.0000 0.0000

Continued
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TABLE 3 (contd)

Average of 70M, 170M, and 325M Beads Retained on Packaging Materials,
Except Scrim-back, After First and Third Removals in Decontamination

Sequence. Contamination by Deposition.

Material Initial Weight After Removal
Contami- Vertical Positioning Vertical Positioning,
nation Brushing, and Air Jet*
(g/ft 2 ) (g/ft 2 ) (% of Initial) (g/ft 2 ) (% of Initial)

B-1 50.85 2.03 3.99 0.0020 0.0039
B-2 55.87 4.30 7.70 0.0000 0.0000
B-3 54.28 1.79 3.30 0.0000 0.0000
B-4 56.27 1.24 2.20 0.0049 0.0087
B-5 54.84 0.16 0.29 0.o04l 0.0075
B-6 59-94 0.36 0.60 0.0001 0.0002
B-7 59.70 5.19 8.69 0.0036 0.0060
B-8 52.45 0.21 o.4o 0.0000 0.o000
B-9 58.42 0.47 0.80 0o0000 0o0000
B-10 53.80 0.32 0.59 0.0000 0.0000
A-6 64.48 0.13 0.20 0.0000 0.0000
A-7 51.09 3°78 7.40 0.0000 0.0000
A-8 66.71 0.13 0.19 0.0000 0.0000
F-7 62.09 0.75 1.2l 0.0002 0.0003

*Number of beads per cm2 converted to equixvalent g/ft 2 ; 50 4 diameter
-and 2.5 g/cm3 density assumed.
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Beads retained after each removal operation were microscopically
examined and sized. Figure 2 shows a size distribution of beads re-
tained by the untreated cotton sateen cloth. The number of beads re-
tained decreased with each removal operation and the percentage of the
number of larger Pize beads decreased with each operation. Similar
results were indicated on all other clothing and Scrim-back samples.

Macroscopic surface examinations of all materials tested revealed
that all packaging materials except Scrim-back were smooth. All cloth
and Scrim-back samples were identified as fibrous. Comparison of the
amounts of beads retained with degree of fibrousness revealed a direct
proportional relationship. Materials with smooth surfaces retained in-
significant amounts after the three removal operations, whereas Scrim-
back packaging material, which had the largest inter-yarn spaces and
the most protruding tentacles, had the highest number retained. Fig. 3,
which shows beads being retained on Scrim-back, reveals the large spaces
between yarns and the many tentacles. It also shows the tentacles hold-
ing the beads.

Table 5 shows the effect of direct transfer on bead retention by
clothing material. Results are given as ratios of the mass retained
after the three removal operations, for samples contaminated by direct
transfer to those by deposition. It can be seen that the pressure ap-
plied has forced the particles into the fibers and caused higher resi-
dual contamination.

Although analyses of the relative merits of the treatments on cloth
samples with respect to residual contamination characteristics was beyond
the scope of the test, results obtained for the deposition method indi-
cate some variations due to the treated surfaces. In general, the treated
cotton sateen samples retained smaller mass of beads compared to the un-
treated cotton sateen. A comparable effect on the cotton poplin was not
evident.
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Fig. 2 Size Distribution of 70M Particles on Untreated Cotton Sateen
Cloth (C-l), Before and After Three Removals in Decontamination
Sequence.
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Fig. 3 Particles Retained on Scrim-Back (F-6) Packaging Material.
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as particle size distribution with distance, specific activity per par-
ticle, location of radioactivity within the particle, shape, density,
chemical composition, mass levels produced, solubility, and magnetic
properties all complicate the problem. Through postulating or assuming
specific values for the many variables, these test results probably could
be correlated with fallout data, similarly to the calculations performed
by Clark.* This was not done in this study since the retention charac-
teristics of various QMC materials was of primary interest. However, a
rough indication can be made of the significance of the initial mass
levels employed through the relation: approximately 30 g of radioactive
weapon debris fallout/ft 2 produces an ionization rate of 1000 r/hr, 3 ft
above the ground and corrected to 1 hr after burst. 5 Thus the maximum
mass levels employed in the experiment, approximately 130 g/ft2 , corres-
pond to a standard field intensity of about 4000 r/lr at 1 hr.

Simpler detection and measurement techniques such as use of radio-
actively tagged particles of a known size distribution, shape, and acti-
vity level, should be investigated further. In any future test, the
physical and chemical characteristics of fallout particles as functions
of burst environment, yield, and distance from ground zero, should be
carefully examined so that the fallout simulant may be more vigorously
associated with any desired radiological situation.

Since this study did not include the effects of humidity, oil bond-
ing, shape of particles, and electrostatic forces of particle retention
on clothing materials, any further investigation should include these
effects.

*D. E. Clark, private communication.
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